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Scien7fic	
  context	
  

•  What	
  objec7ves	
  do	
  we	
  
address	
  ?	
  

–  Automa7c	
  analysis	
  of	
  
(abstrac7on	
  of)	
  programs	
  with	
  
unbounded	
  parameters	
  (stack,	
  
channel,	
  recursive,…).	
  

–  Analyse	
  	
  =	
  	
  solve	
  reachability	
  
from	
  s	
  towards	
  t	
  

–  Analyse	
  	
  =	
  	
  	
  ∃path	
  	
  	
  s	
  -­‐-­‐*→	
  t	
  	
  	
  
in	
  an	
  infinite	
  graph	
  ?	
  

–  Needs	
  finite	
  and	
  computable	
  
representa7ons	
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Communica7ng	
  programs	
  
finite	
  control	
  but	
  unbounded	
  channels	
  

The Verification of Lossy Channel Systems: A

Survey

Ph. Schnoebelen

Lab. Spécification & Vérification
ENS de Cachan & CNRS UMR 8643

61, av. Pdt. Wilson, 94235 Cachan Cedex France
email: phs@lsv.ens-cachan.fr

Incomplete draft version of September 26, 2007. Do not circulate

Abstract. Lossy channel systems are systems of finite state automata
that communicate via unbounded fifo channels. The channels are unre-
liable and messages can be lost while they are in transit. These systems
are a natural model for asynchronous communication protocols that are
supposed to withstand message losses. Paradoxically, lossy channel sys-
tems are more amenable to automated verification than “perfect” chan-
nel systems, where no messages are lost. We survey the existing results
on the verification of lossy channel systems, focusing on the frontier of
decidability.

1 Introduction

Channel systems are systems of finite state automata that communicate via
asynchronous unbounded fifo channels. Fig. 1 depicts (part of) an example sys-
tem Sexmp. Channel systems are a natural model for asynchronous communica-

•

c2?msg

c2?req

c1!ack •

c2!msg

c2!stop

c1?ack

c1?hup

channel c1

ack ack hup

channel c2

msg stop

Fig. 1. Sexmp: a channel system with two components communicating via two channels

tion protocols and, indeed, they form the semantical basis of protocol specifica-
tion languages such as SDL and Estelle.

The behavior of a system like Sexmp is as expected. The component automata
evolve asynchronously, moving from one current control state to another by
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Lists	
  program	
  
is	
  this	
  program	
  correct	
  ?	
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Recursivity	
  and	
  counter	
  

•  From	
  P(17),	
  will	
  R	
  necessarly	
  be	
  ac7vated	
  ?	
  

In	
  Bouajjani	
  &al	
  TCS	
  n°295,	
  2003,	
  page	
  86	
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1. Introduction

Besides their classical use in formal language theory, pushdown automata have re-
cently gained importance as an abstract process model for recursive procedures. Al-
gorithms for model checking pushdown automata have been presented in [1,3,4,14].
Reachability analysis for pushdown automata is particularly useful in formal veri!ca-
tion. For example, the satisfaction of a safety property corresponds to the fact, that a
certain set of ‘bad’ con!gurations is not reachable. Polynomial algorithms for reach-
ability analysis have been presented in [1] and further optimized in [5]. For most
purposes in formal veri!cation it is su"cient to consider (BPA) ‘Basic Process Alge-
bra’; also called context-free processes), the subclass of pushdown automata without a
!nite control. BPA have been used for data#ow analysis in recursive procedures with
applications in optimizing compilers [6].
The weakness of BPA is that it is not a very expressive model for recursive proce-

dures. It can model recursive dependencies between procedures, but not the passing of
data between procedures or di$erent instances of a procedure with di$erent parameters.

Example 1. Consider the following abstract model of recursive procedures P, Q, R, S
and F , which take an integer number as argument: (x|y means ‘x divides y’).

P(x): If x ¿ 16 Q(x): If 2|x then R(x)
If 8|x then Q(x + 1) else S(x + 1)
else P(x − 2)

else F(x)

If one starts by calling procedure P (with any parameter) then procedure R will never
be called, because P never calls Q with an even number as parameter. However, a
BPA model for these procedures cannot detect this.

Thus, we de!ne a new more expressive model called BPA(Z) that extends BPA with
an integer parameter. Procedures are now called with an integer parameter that can be
tested, modi!ed and passed to subroutines. We limit ourselves to one integer parameter,
because two would give the model full Turing power and make all problems unde-
cidable. BPA(Z) is a compromise between expressiveness and automatic analyzability.
On the one hand, it is much more expressive than BPA and can model more aspects of
full programs. On the other hand, it is still simple enough such that most veri!cation
problems about BPA(Z) stay decidable. For the veri!cation of safety properties, it is
particularly useful to have a symbolic representation of sets of con!gurations and to be
able to e$ectively construct representations of the Pre∗ (the set of predecessors) and
the Post∗ (the set of successors) of a given set of con!gurations. While !nite automata
su"ce for describing sets of con!gurations of BPA, a more expressive formalism is
needed for BPA(Z). We de!ne Z-input 1-CM, a new class of 1-counter machines (cm)
that take integer numbers as input, to describe sets of con!gurations of BPA(Z). We
show that the Post∗ (the set of successors) of a set described by a Z-input 1-CM
can be e$ectively constructed. The Pre∗ (the set of predecessors) of a regular set can
be e$ectively constructed as well. However, the Pre∗ of a set described by a Z-input
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Modelisa7on	
  of	
  the	
  communica7on	
  protocol	
  TTP	
  
only	
  +1	
  and	
  -­‐1	
  opera7ons	
  but	
  already	
  difficult	
  analysis	
  Fast, theory and practice of acceleration.

Experiments

The TTP protocol

Model for the TTP, N stations

/ CF=0,CW=N,Cp=0
d=0,dF=0

/ C1>=0, C0>=0, 
C1+C0=CW, d1=1,d0=0,

dF=0,Cp=1

later

round1normalinit

d=0,dF=0

Cp=N /
CW=C1+C0,Cp=0,

Cp=0,d=0,dF=0
Cp=N / 

dF<CF /
dF++, Cp++

d1<C1 & C1+C0−2d0>0 /
d1++, Cp++

C1−−,dF++,CF++,Cp++
d1<C1 & C1+C0−2d0<=0/

d0<C0 & C1+C0−2d1>0 /
d0++, Cp++

d0<C0 & C1+C0−2d1<=0 /
C0−−,dF++,CF++,Cp++

dF<CF /
dF++,Cp++

d1++,Cp++
d1<C1 & C1>C0 /

d1<C1 & C1<=C0 /
C1−−,CF++,dF++,Cp++

d0<C0 & C0>C1 /
d0++,Cp++

d0<C0 & C0<=C1 /
C0−−, CF++, dF++,Cp++

Cp=N & !(C1=0) & !(C0=0) /
d1=0,d0=0,dF=0,Cp=0

d<CW / d++,Cp++

dF<CF / dF++,Cp++

Cp=N /  d1=0,d0=0,dF=0,Cp=0
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Reachability	
  is	
  difficult	
  for	
  “simple”	
  CM	
  

•  t1:	
  (x,y)	
  →	
  (x-­‐1,y+1)	
  

•  t2:	
  (x,y)	
  →	
  (x+4,y-­‐2)	
  

•  Is	
  there	
  a	
  path	
  s.t.:	
  
(2,1)	
  →…*...	
  →↑(3,3)	
  ?	
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Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

Example: Pre∗

Example: Coverability (in Petri Nets, here)

1 6 75432

1
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Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

Example: ↓ Post∗

A Naive Forward Algorithm

1 6 75432

1

2

3

4

5

y

x

2

4

1

1

(2,1)
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•  A	
  path	
  of	
  length	
  8	
  from	
  
↓(2,1)	
  which	
  meets	
  
(3,3)	
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Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

Example: ↓ Post∗

. . . May Fail to Terminate

(4, 3) (4, 3) (9, 0)

(5, 2)(0, 5)

(1, 4) (6, 1)

(2, 3) (7, 0) (2, 3) (7, 0)

(3, 2)(3, 2)

(4, 1) (4, 1)

(5, 0)(0, 3)

(1, 2)

(2, 1)

	
   	
   	
  Infinite	
  reachability	
  tree	
  



4/12/13	
   Infini	
  -­‐	
  AERES	
  -­‐	
  2rd,	
  december	
  2013	
   20	
  

Is	
  Post*(2,1)	
  (finitely)	
  computable	
  ?	
  	
  
When	
  does	
  this	
  procedure	
  terminate	
  ?	
  

Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

Example: ↓ Post∗

The Karp-Miller Construction

(5, 0)(0, 3)

(1, 2)

(2, 1)

(+∞, 1) (+∞, 1)

(+∞,+∞) (+∞,+∞)

(0, 3)→ (4, 1) ≥ ancestor (2, 1)⇝ accelerate to (+∞, 2).
Always terminates (only on [plain] Petri nets).
Can be used for much more than coverability:
boundedness, U-boundedness, liveness, etc.
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Reachability/coverability	
  

•  t1:	
  (x,y)	
  →	
  (x-­‐1,y+1)	
  

•  t2:	
  (x,y)	
  →	
  (x+4,y-­‐2)	
  

•  Is	
  there	
  a	
  path	
  s.t.:	
  
(2,1)	
  →…	
  →	
  ...	
  →	
  ↑(3,3)	
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Backward	
  strategy	
  

•  A	
  path	
  of	
  length	
  10	
  from	
  ↑	
  (3,3)	
  that	
  finally	
  
contains	
  state	
  (2,1).	
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  Our two preferred models 

•  WSTS:	
  generic	
  (=abstract)	
  model	
  for	
  tens	
  of	
  
«	
  concrete	
  »	
  models	
  

•  Counter	
  machines	
  :	
  universel	
  model	
  for	
  
computa7on	
  (&	
  modeliza7on/verifica7on)	
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Well	
  Structured	
  Transi7on	
  Systems	
  (WSTS)	
  

Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

WSTS

Well-Structured Transition Systems

WSTS: an extremely successful paradigm
[F87,FS01,AJ93,ACJY96], including Petri nets, LCS, etc.
Ingredients:

A transition relation ! ⊆ X × X ;

A well quasi-ordering (wqo) ≤ on X ;

+ monotonicity:

x ≤ !!

δ

""

x′

δ
""

y ≤ !! y′

(slightly simplifying, by assuming strong monotonicity.)
≤ is wqo iff (equivalently):

no infinite descending chain, and no infinite antichain;
every sequence has an infinite non-decreasing
subsequence;
every upward-closed subset U is of the form ↑A, A finite.

Forward Analysis for WSTS, Part II: Complete WSTS

Introduction

WSTS

Well-Structured Transition Systems

WSTS: an extremely successful paradigm
[F87,FS01,AJ93,ACJY96], including Petri nets, LCS, etc.
Ingredients:

A transition relation ! ⊆ X × X ;

A well quasi-ordering (wqo) ≤ on X ;

+ monotonicity:

x ≤ !!

δ

""

x′

δ
""

y ≤ !! y′

(slightly simplifying, by assuming strong monotonicity.)
≤ is wqo iff (equivalently):

no infinite descending chain, and no infinite antichain;
every sequence has an infinite non-decreasing
subsequence;
every upward-closed subset U is of the form ↑A, A finite.



WSTS	
  and	
  WQO	
  history	
  

•  Timeline	
  
–  ICALP	
  1987	
  :	
  basis	
  of	
  the	
  theory	
  	
  

–  TCS	
  2001	
  :	
  survey	
  of	
  the	
  theory	
  

–  IPL	
  2002:	
  Reachability	
  is	
  non	
  Recursive	
  Primi7ve	
  

–  STACS	
  2009	
  +	
  ICALP	
  2009:	
  mathema7cal	
  funda7ons	
  to	
  forward	
  analysis	
  

–  LICS	
  2008	
  
–  MFCS	
  2010	
  
–  LICS	
  2011	
  
–  ESSLLI	
  2012	
  
–  LICS	
  2012	
  
–  Petri	
  2011,	
  Petri	
  2012	
  
–  CONCUR	
  2013	
  

•  Success	
  :	
  used	
  and	
  studied	
  by	
  numerous	
  colleagues	
  (Henzinger,	
  Raskin,…)	
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Complexity	
  &	
  decidability	
  of	
  WSTS	
  



Counter	
  Machines	
  (CM)	
  
Fast, theory and practice of acceleration.

Experiments

The TTP protocol

Model for the TTP, N stations

/ CF=0,CW=N,Cp=0
d=0,dF=0

/ C1>=0, C0>=0, 
C1+C0=CW, d1=1,d0=0,

dF=0,Cp=1

later

round1normalinit

d=0,dF=0

Cp=N /
CW=C1+C0,Cp=0,

Cp=0,d=0,dF=0
Cp=N / 

dF<CF /
dF++, Cp++

d1<C1 & C1+C0−2d0>0 /
d1++, Cp++

C1−−,dF++,CF++,Cp++
d1<C1 & C1+C0−2d0<=0/

d0<C0 & C1+C0−2d1>0 /
d0++, Cp++

d0<C0 & C1+C0−2d1<=0 /
C0−−,dF++,CF++,Cp++

dF<CF /
dF++,Cp++

d1++,Cp++
d1<C1 & C1>C0 /

d1<C1 & C1<=C0 /
C1−−,CF++,dF++,Cp++

d0<C0 & C0>C1 /
d0++,Cp++

d0<C0 & C0<=C1 /
C0−−, CF++, dF++,Cp++

Cp=N & !(C1=0) & !(C0=0) /
d1=0,d0=0,dF=0,Cp=0

d<CW / d++,Cp++

dF<CF / dF++,Cp++

Cp=N /  d1=0,d0=0,dF=0,Cp=0
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Plan	
  	
  
1.   Introduc+on	
  

1.  Scien7fic	
  context	
  
2.  Forward	
  reachability	
  procedure	
  
3.  Backward	
  reachability	
  algorithm	
  
4.  Our	
  two	
  preferred	
  models	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity	
  
2.  WSTS	
  
3.  Counter	
  Machines	
  

3.  Management	
  

4.  Strategy	
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Highlight	
  :	
  complexity	
  of	
  WQO	
  

•  Jancar	
  TCS’01	
  
The	
  finite	
  reachability	
  set	
  
equality	
  for	
  Petri	
  nets	
  

•  Schnoebelen	
  IPL’02	
  
Reachability	
  LCS	
  

•  Reachability	
  LCM	
  	
  
	
  (MFCS	
  2010)	
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?

F ⇤
<3 =

Elementary

F3 = Tower

F ⇤
<! = Primitive-Recursive F! = Ackermannian

F ⇤
<!! = Multiply-Recursive

F!! =
Hyper-Ackermannian

· ·
·



Highlight	
  :	
  complexity	
  of	
  WQO	
  

Challenges:	
  Complexity	
  of	
  WSTS	
  

•  Concepts	
  for	
  measuring	
  length	
  of	
  
wqo	
  (done)	
  

•  Upper/lower	
  bounds	
  (beginning)	
  

•  Publica7ons	
  LICS	
  2008,	
  MFCS	
  2010,	
  LICS	
  
2011,	
  FOSSACS	
  2011,	
  ICALP	
  2011,	
  LICS	
  2012,	
  
MFCS	
  2013	
  

Projects	
  2013-­‐2017	
  

•  Delineate	
  models/problems	
  

•  Equivalences/hierarchy	
  

•  Towards	
  a	
  Garey	
  &	
  Johnson	
  of	
  
non-­‐elementary	
  complexi7es	
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Plan	
  	
  
1.   Introduc+on	
  

1.  Scien7fic	
  context	
  
2.  Forward	
  reachability	
  procedure	
  
3.  Backward	
  reachability	
  algorithm	
  
4.  Our	
  two	
  preferred	
  models	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity	
  
2.  WSTS	
  
3.  Counter	
  Machines	
  

3.  Management	
  

4.  Strategy	
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A	
  paradox	
  ?	
  

•  Backward	
  strategy	
  
always	
  terminates	
  but	
  is	
  
not	
  efficient.	
  

•  The	
  tool	
  Trex	
  (LIAFA)	
  
does	
  not	
  use	
  the	
  
backward	
  algorithm	
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No	
  paradox	
  
Forward	
  is	
  more	
  efficient	
  than	
  backward	
  

•  Backward	
  strategy	
  always	
  
terminates	
  but	
  is	
  not	
  efficient.	
  

•  Accelerated	
  forward	
  strategy	
  
ouen	
  terminates	
  with	
  
efficiency	
  but	
  no	
  theory	
  

•  The	
  tool	
  Trex	
  (LIAFA)	
  does	
  not	
  
use	
  the	
  backward	
  algorithm	
  

•  Trex	
  uses	
  an	
  adhoc	
  accelerated	
  
forward	
  procedure	
  without	
  
termina7on	
  guarantee	
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No	
  theory	
  of	
  downward	
  closed	
  sets	
  

Upward	
  closed	
  sets	
  
•  A	
  nice	
  and	
  simple	
  theory	
  

•  Theorem	
  (∼1900)	
  

For	
  all	
  X⊆A,	
  A	
  wqo,	
  	
  

↑X	
  =	
  ↑{x1,x2,…,xn}	
  with	
  xi∈X.	
  

Downward	
  closed	
  sets	
  
•  Missing	
  theory	
  

“Finally,	
  we	
  aim	
  at	
  developing	
  generic	
  methods	
  for	
  building	
  
downward	
  closed	
  languages,	
  ….	
  This	
  would	
  give	
  a	
  
general	
  theory	
  for	
  forward	
  analysis	
  of	
  infinite	
  state	
  
systems,	
  in	
  the	
  same	
  way	
  the	
  work	
  is	
  for	
  backward	
  
analysis.”	
  Abdulla	
  &	
  [FORMATS	
  2004]	
  

•  Open	
  problem	
  (2008)	
  

For	
  all	
  X⊆A,	
  A	
  wqo,	
  is	
  ↓X	
  finitely	
  
descrip7ble	
  ?	
  

We	
  have	
  :	
  ↓X	
  ≠	
  ↓	
  {x1,x2,…,xn}	
  	
  with	
  xi∈X	
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Towards	
  a	
  theory	
  of	
  downward	
  closed	
  sets	
  

Mathema+cal	
  and	
  cogni+ve	
  
hypothesis	
  

–  limits	
  are	
  points	
  at	
  infinity	
  but	
  
it	
  does	
  not	
  work	
  well	
  

–  Need	
  of	
  a	
  «	
  new	
  »	
  paradigm	
  
of	
  limits	
  which	
  allows	
  
represen7ng	
  infinite	
  
downward	
  closed	
  sets.	
  

Think	
  «	
  geometrically	
  »	
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Think	
  «	
  algebraically	
  »	
  	
  

–  Iden7fy	
  	
  x∈X	
  	
  with	
  the	
  
subset	
  	
  ↓x	
  	
  ⊆	
  X	
  

–  Elements	
  and	
  limits	
  are	
  
directed	
  downward	
  
closed	
  subsets	
  (=	
  ideals)	
  

–  Theorem	
  (STACS	
  2009)	
  
↓X	
  	
  =	
  	
  {I1,I2,…,In}	
  	
  	
  
where	
  Ii	
  are	
  ideals.	
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Forward Analysis for WSTS, Part II: Complete WSTS

Complete WSTS [Part II, ICALP’09]

!
2-WSTS

The Rado Structure

Definition (Rado)

XRado = {(m, n) ∈ ℕ2 ∣ m < n}, (m, n) ≤Rado (m′, n′) iff m = m′

and n ≤ n′, or n < m′.

An
infinite
antichain
...

i

!0 !i!1

bXRado

!

Hence X̂Rado is not wqo; converse argument omitted.



WSTS:	
  challenges	
  and	
  results	
  

2008	
  WSTS	
  Challenges	
  

•  Build	
  an	
  unified	
  general	
  
theory	
  of	
  forward	
  analysis	
  

•  Simplify	
  algorithms	
  +	
  proofs	
  

•  Mesure	
  the	
  complexity	
  

Results:	
  2008	
  -­‐	
  2013	
  
•  Built	
  a	
  theory	
  of	
  downward	
  closed	
  

sets	
  

•  Define	
  Complete	
  WSTS	
  

•  Define	
  Comple7on	
  of	
  WSTS	
  

•  Conceptual	
  &	
  simple	
  Karp&Miller	
  
algo	
  

•  Publica7ons:	
  STACS	
  2009,	
  ICALP	
  2009,	
  FOSSACS	
  
2011,	
  PETRI	
  2011,	
  PETRI	
  2012	
  

4/12/13	
   Infini	
  -­‐	
  AERES	
  -­‐	
  2rd,	
  december	
  2013	
   49	
  



Results	
  and	
  projects	
  

Results	
  2008	
  -­‐	
  2013	
  
•  Build	
  a	
  theory	
  of	
  downward	
  

closed	
  sets	
  in	
  wqo	
  

•  Complete	
  WSTS	
  

•  Comple7on	
  of	
  WSTS	
  

•  Conceptual	
  Karp&Miller	
  algo	
  

•  Publica7ons:	
  STACS	
  2009,	
  ICALP	
  2009,	
  
FOSSACS	
  2011,	
  PETRI	
  2011,	
  PETRI	
  2012	
  

Projects	
  2013	
  -­‐	
  2017	
  
•  Discover	
  the	
  good	
  data-­‐

structures	
  for	
  ideals	
  and	
  
comple7on-­‐based	
  algorithms	
  

•  Complexity	
  of	
  comple7on-­‐
based	
  algorithms	
  

•  Ex:	
  Priority	
  channel	
  systems	
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Plan	
  	
  
1.   Introduc+on	
  

1.  Scien7fic	
  context	
  
2.  Forward	
  reachability	
  procedure	
  
3.  Backward	
  reachability	
  algorithm	
  
4.  Our	
  two	
  preferred	
  models	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity	
  
2.  WSTS	
  
3.  Counter	
  Machines	
  

3.  Management	
  

4.  Strategy	
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Counter	
  Machines	
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Challenges	
  and	
  results	
  

CM	
  Challenges	
  in	
  2008	
  

•  Unify,	
  extend	
  complexity	
  
analysis	
  of	
  Petri	
  nets	
  and	
  
classes	
  of	
  CM.	
  

•  Complexity	
  of	
  coverability	
  in	
  
Petri	
  nets	
  

•  Complexity	
  of	
  reachability	
  
in	
  Petri	
  nets	
  

CM	
  results	
  2008	
  -­‐	
  2013	
  
•  Complexity	
  of	
  logics	
  for	
  Petri	
  

nets,	
  flat	
  CM	
  and	
  reversal-­‐
bounded	
  CM	
  

•  Large	
  classes	
  of	
  “coverability-­‐
like”	
  proper7es	
  are	
  EXPSPACE-­‐
complete	
  on	
  Petri	
  nets	
  

•  Publica7ons	
  MFCS	
  2008,	
  MFCS	
  2010,	
  
FSTTCS	
  2010,	
  FSTTCS	
  2012,	
  MFCS	
  
2013,	
  ICALP	
  2013,	
  LICS	
  2013	
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Analysis	
  by	
  «	
  simple	
  »	
  subsystems	
  
Fast, theory and practice of acceleration.

Experiments

The TTP protocol

Model for the TTP, N stations

/ CF=0,CW=N,Cp=0
d=0,dF=0

/ C1>=0, C0>=0, 
C1+C0=CW, d1=1,d0=0,

dF=0,Cp=1

later

round1normalinit

d=0,dF=0

Cp=N /
CW=C1+C0,Cp=0,

Cp=0,d=0,dF=0
Cp=N / 

dF<CF /
dF++, Cp++

d1<C1 & C1+C0−2d0>0 /
d1++, Cp++

C1−−,dF++,CF++,Cp++
d1<C1 & C1+C0−2d0<=0/

d0<C0 & C1+C0−2d1>0 /
d0++, Cp++

d0<C0 & C1+C0−2d1<=0 /
C0−−,dF++,CF++,Cp++

dF<CF /
dF++,Cp++

d1++,Cp++
d1<C1 & C1>C0 /

d1<C1 & C1<=C0 /
C1−−,CF++,dF++,Cp++

d0<C0 & C0>C1 /
d0++,Cp++

d0<C0 & C0<=C1 /
C0−−, CF++, dF++,Cp++

Cp=N & !(C1=0) & !(C0=0) /
d1=0,d0=0,dF=0,Cp=0

d<CW / d++,Cp++

dF<CF / dF++,Cp++

Cp=N /  d1=0,d0=0,dF=0,Cp=0
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Results	
  and	
  projects	
  

CM	
  results	
  2008	
  -­‐	
  2013	
  
•  Complexity	
  of	
  logics	
  for	
  Petri	
  

nets,	
  flat	
  CM	
  and	
  reversal-­‐
bounded	
  CM	
  

•  Large	
  classes	
  of	
  “coverability-­‐
like”	
  proper7es	
  are	
  EXPSPACE-­‐
complete	
  on	
  Petri	
  nets	
  

•  Publica7ons	
  MFCS	
  2008,	
  MFCS	
  2010,	
  
FSTTCS	
  2010,	
  FSTTCS	
  2012,	
  MFCS	
  
2013,	
  ICALP	
  2013,	
  LICS	
  2013	
  

Projects	
  2013	
  -­‐	
  2017	
  

•  Complexity	
  of	
  reachability	
  
for	
  Petri	
  nets	
  

EXSPACE	
  	
  	
  	
  PR	
  	
  	
  	
  ACK	
  	
  	
  	
  	
  
Mul7ple-­‐ACK	
  	
  	
  	
  	
  Fε0	



•  Complete	
  the	
  book	
  on	
  
CMs	
  !	
  

•  Towards	
  an	
  algorithmics	
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Many	
  other	
  subjects…not	
  men7oned	
  

•  Games	
  (L.	
  Doyen)	
  

•  Lossy	
  channel	
  systems	
  (P.	
  Schnoebelen)	
  

•  Parikh	
  automata	
  (with	
  P.	
  McKenzie,	
  Montréal)	
  

•  ….	
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Plan	
  	
  
1.   Introduc+on	
  

1.  Scien7fic	
  context	
  
2.  Forward	
  reachability	
  procedure	
  
3.  Backward	
  reachability	
  algorithm	
  
4.  Our	
  two	
  preferred	
  models	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity	
  
2.  WSTS	
  
3.  Counter	
  Machines	
  

3.   Management	
  
1.  Flow	
  of	
  Infini	
  members,	
  PhD,	
  guest	
  post-­‐doc,	
  invited	
  professors	
  
2.  Organiza7on,	
  scien7fic	
  influence,	
  contracts	
  

4.  Strategy	
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People	
  

December,	
  2008	
  
•  Head	
  :	
  Alain	
  Finkel	
  (Prof.	
  ENS	
  Cachan)	
  

•  3	
  Permanent	
  members	
  
–  E7enne	
  Lozes	
  (MCF)	
  	
  →	
  Kassel	
  
–  Sylvain	
  Schmitz	
  (MCF)	
  
–  Philippe	
  Schnoebelen	
  (DR	
  CNRS)	
  

•  5	
  PhD	
  students	
  
–  Florent	
  Bouchy	
  (2006-­‐2009)	
  →	
  Montréal,	
  ing.	
  
–  Rémi	
  Brochenin	
  (DGA/CNRS,	
  2006-­‐2009)	
  →	
  post	
  doc	
  
–  Jules	
  Villard	
  (2007-­‐2010)	
  →	
  London,	
  post-­‐doc	
  
–  Jean-­‐Loup	
  Carré	
  (EADS,	
  2007-­‐2010)	
  →	
  Prof	
  classes	
  

prépa	
  
–  Pierre	
  Chambart	
  (2008-­‐2011)	
  →	
  Univ.	
  P7,	
  ing.	
  

•  Delega7ons	
  and	
  post-­‐doc	
  
–  Peter	
  Habermehl	
  (MCF	
  Paris7,	
  sabba7cal	
  feb.2007-­‐feb.

2009)	
  
–  Pierre-­‐Cyrille	
  Héam	
  (MCF	
  Besançon,	
  sabba7cal	
  

2008-­‐2010)	
  
–  Adam	
  Antonik	
  (post-­‐doc)	
  

June,	
  2013	
  
•  Head	
  :	
  Alain	
  Finkel	
  (Prof.	
  ENS	
  Cachan)	
  

•  4	
  Permanent	
  members	
  
–  Stéphane	
  Demri	
  →	
  New	
  York	
  
–  Laurent	
  Doyen	
  (CR)	
  →	
  Tempo	
  
–  Sylvain	
  Schmitz	
  (MCF)	
  →	
  Dahu	
  
–  Philippe	
  Schnoebelen	
  (DR	
  CNRS)	
  

•  5	
  PhD	
  students	
  
–  Mahsa	
  Shirmohammadi	
  (Doyen	
  +	
  Massart)	
  
–  Amit	
  Kumar	
  Dahr	
  (Demri	
  +	
  Sangnier)	
  
–  Julien	
  Reichert	
  (Berwanger	
  +	
  Doyen)	
  
–  Prateek	
  Karandikar	
  (Schnoebelen	
  +	
  Kumar)	
  
–  Michael	
  Blondin	
  (F.	
  +	
  McKenzie)	
  

•  Chair	
  and	
  post-­‐doc	
  
–  Pierre	
  Mckenzie	
  (Digiteo	
  chair)	
  
–  Christoph	
  Haase	
  (post-­‐doc)	
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+	
  	
  tens	
  of	
  one-­‐month	
  invited	
  professors:	
  Ranko	
  Lazic,	
  Petr	
  Jancar,…	
  



9	
  PhD	
  students	
  

2008:	
  Arnaud	
  Sangnier	
  (F.+	
  Lozes)	
  CIFRE	
  EDF	
  

2009:	
  Florent	
  Bouchy	
  (F.)	
  	
  

2009:	
  Jean-­‐Loup	
  Carré	
  (Goubault-­‐Larrecq)	
  

2010:	
  Jules	
  Villard	
  (Demri	
  +	
  Lozes)	
  	
  

2010:	
  Diego	
  Figueira	
  (Demri	
  +	
  Segoufin)	
  

2011:	
  Pierre	
  Chambart	
  (Schnoebelen)	
  

2013:	
  Rémi	
  Brochenin	
  (Demri+Lozes)	
  

2012:	
  Michael	
  Cadilhac	
  (F.+McKenzie)	
  	
  

January	
  2013:	
  Rémi	
  Bonnet	
  (F.)	
  

•  2010:	
  Assistant-­‐Prof.	
  Université	
  Paris	
  7	
  

•  2013:	
  Post-­‐doc	
  and	
  engineer	
  in	
  Montréal	
  

•  2013:	
  Prof	
  Math-­‐sup	
  

•  2013:	
  Post-­‐doc	
  Londres	
  

•  2013:	
  Post-­‐doc	
  Edimbourg	
  

•  2013:	
  Engineer	
  Université	
  Paris	
  7	
  

•  2013:	
  Postdoc	
  University	
  of	
  Genes	
  

•  2013:	
  Wai7ng	
  for	
  a	
  post-­‐doc	
  

•  2013:	
  Post-­‐doc	
  Oxford	
  (Worrell,	
  Ouaknine)	
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5	
  PhD	
  in	
  progress	
  

Mahsa	
  Shirmohammadi	
  (Doyen	
  +	
  Massart)	
  

Markov	
  processes	
  

Defense:	
  2014	
  

Julien	
  Reichert	
  (Berwanger	
  +	
  Doyen)	
  
Games	
  on	
  counters.	
  

Defense:	
  2014	
  

Amit	
  Kumar	
  Dahr	
  (Demri	
  +	
  Sangnier)	
  

Flat	
  Counter	
  Machines	
  

Defense:	
  2015	
  

Prateek	
  Karandikar	
  (Schnoebelen	
  +	
  Kumar)	
  

Lossy	
  Channel	
  Systems	
  &	
  complexity	
  

Defense:	
  2015	
  

Michael	
  Blondin	
  (F.	
  +	
  McKenzie)	
  
Reachability	
  in	
  Petri	
  nets	
  

Defense:	
  2016	
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Plan	
  	
  
1.   Introduc+on	
  

1.  Scien7fic	
  context	
  
2.  Forward	
  reachability	
  procedure	
  
3.  Backward	
  reachability	
  algorithm	
  
4.  Our	
  two	
  preferred	
  models	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity	
  
2.  WSTS	
  
3.  Counter	
  Machines	
  

3.   Management	
  
1.  Flow	
  of	
  Infini	
  members,	
  PhD,	
  guest	
  post-­‐doc,	
  invited	
  professors	
  
2.  Organiza7on,	
  scien7fic	
  influence,	
  contracts	
  

4.  Strategy	
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Organization, scientific influence 

•  Chairman	
  
GAMES	
  2011,	
  PaVAS	
  2011,	
  RP’2012,	
  STSV	
  2012	
  

•  Dagstuhl	
  on	
  infinite	
  systems	
  	
  
april	
  2014	
  (Esparza-­‐F.-­‐Mckenzie-­‐Ouaknine)	
  

•  Publica7ons	
  
–  33	
  journal	
  
–  71	
  conf	
  

•  Collabora7ons	
  	
  
–  ∞:	
  papiers	
  communs	
  
–  LSV\∞:	
  Goubault-­‐Larrecq,	
  Haddad,…	
  
–  Monde\LSV:	
  Henzinger,	
  Raskin,	
  Jancar,…	
  

•  ANR	
  Blanc	
  «	
  Reachard	
  »,	
  LSV/LaBRI	
  
(2012-­‐2014)	
  

–  Reachability	
  in	
  VASS	
  and	
  other	
  models	
  
–  h�p://www.lsv.ens-­‐cachan.fr/Projects/anr-­‐

reachard/	
  

E7enne	
  Lozes	
  
(Kassel,	
  Allemagne)	
  
HDR:	
  3	
  july	
  2012	
  

Laurent	
  Doyen	
  
HDR:	
  13	
  march	
  2012	
  

•  ANR	
  «	
  DYNRES	
  »	
  (2011-­‐2013)	
  
–  logics	
  for	
  ressources	
  
–  h�p://anr-­‐dynres.loria.fr/	
  

•  +	
  8	
  contracts	
  (finished)	
  

4/12/13	
   Infini	
  -­‐	
  AERES	
  -­‐	
  2rd,	
  december	
  2013	
   62	
  



December,	
  2nd,	
  2013	
  

1.  Stéphane	
  Demri	
  	
  
	
  Dahu	
  -­‐	
  	
  infini	
  	
  
	
  Marie	
  Curie	
  	
  New	
  York	
  (2012	
  -­‐	
  2014)	
  

2.  Alain	
  Finkel	
  

3.  Sylvain	
  Schmitz	
  
	
  MCF	
  (2008	
  -­‐-­‐>)	
  

	
  -­‐-­‐>	
  Dahu	
  INRIA	
  (2013-­‐2015)	
  

4.	
   	
  Philippe	
  Schnoebelen	
  

5.	
   	
  Laurent	
  Doyen	
  
	
   	
  CR	
  CNRS	
  (2009	
  -­‐-­‐>)	
  
	
   	
  -­‐-­‐>	
  Tempo	
  (sept’13	
  -­‐-­‐>)	
  

	
   	
   	
  6.	
   	
  Pierre	
  McKenzie	
  	
  
	
   	
   	
   	
  Univ.	
  Montréal	
  
	
   	
   	
   	
  Chaire	
  DIGITEO	
  ENS	
  Cachan-­‐Ecole	
  X	
  
	
   	
   	
   	
  2013	
  –	
  2014	
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Plan	
  	
  

1.   Introduc+on	
  

2.   WSTS	
  and	
  CM	
  
1.  Highlight:	
  wqos	
  and	
  complexity.	
  

2.  WSTS	
  

3.  Counter	
  Machines	
  

3.   Management	
  
1.  Flow	
  of	
  Infini	
  members,	
  PhD,	
  guest	
  post-­‐doc,	
  invited	
  professors	
  

2.  Organiza7on,	
  scien7fic	
  influence,	
  contracts	
  

4.   Strategy	
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Check	
  the	
  work	
  of	
  Infini…	
  

Did	
  Infini	
  realize	
  its	
  2008	
  objec7ves	
  ?	
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From  2008 … to  2013 

Perspec+ves	
  2008-­‐2013	
  
(AERES,	
  dec.	
  2008)	
  

1.  Verifica7on	
  of	
  heterogeneous	
  
systems	
  :	
  CM,…	
  

2.  Verifica7on	
  of	
  systems	
  with	
  
dynamic	
  memory	
  

3.  Verifica7on	
  of	
  WSTS	
  

Assessment	
  2008-­‐2013	
  
(june	
  2013)	
  

2.  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

4/12/13	
   Infini	
  -­‐	
  AERES	
  -­‐	
  2rd,	
  december	
  2013	
   66	
  



Report	
  of	
  AERES	
  (2008)	
  
versus	
  

our	
  balance	
  (2013)	
  

Report	
  AERES	
  2009	
  
1.  Strengths:	
  	
  

•  Publica7ons,	
  CM	
  
•  FAST	
  

2.  To	
  improve	
  

1.  Interac7on	
  with	
  program	
  
analysis	
  

2.  +	
  coopera7on	
  LIAFA	
  

3.  Data	
  dyn.	
  	
  

3.  Recommenda7ons	
  

1.  Recrut	
  a	
  CR	
  	
  

(prog	
  Analysis-­‐dem.	
  Aut.)	
  

1.  Develop	
  FAST	
  

Bilan	
  2008-­‐2013	
  
1.  Strengths	
  :	
  	
  

•  publica7ons,	
  CM	
  
•  WSTS	
  

2.  What	
  has	
  been	
  done	
  

1.  More	
  theory	
  WSTS+CM	
  

2.  +	
  coopera7on	
  LIAFA	
  
(Habermehl,	
  PhD	
  Dahr)	
  

3.  What	
  has	
  been	
  done	
  

1.  2009:	
  Recruitment	
  Laurent	
  
Doyen,	
  CR	
  CNRS,	
  on	
  Games	
  

2.  FAST	
  stopped	
  but	
  TAPAS	
  	
  
con7nue	
  	
  

h�p://tapas.labri.fr/trac	
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Last modified on Jan 7, 2013 3:59:15 PM

Talence Presburger Arithmetic Suite
TaPAS is a set of ANSI C libraries related to Presburger Arithmetic and a small
solver program. The architecture of the TaPAS development framework is
depicted on the figure below.

This suite is composed of:

GENEPI, a generic API that can be used as a Presburger formula solver.
a set of plugins for the GENEPI solver. Among them PresTAF is the only
one that permit to synthesis Presburger formulas from sets encoded by
binary automata.
a language Armoise to describe sets over integer or real numbers.
a compiler Alambic that transforms Armoise specifications into
Presburger formulas and solve them using GENEPI.
an Armoise formula synthesizer integrated into the PresTAF plugin.
a solver program called distiller (distributed with the Alambic packages)
that exemplifies how to use all these libraries.

The FASTer tool uses the GENEPI solver.

See also: InstallingTapas, Download page.

Talence Presburger Arithmetic Suite http://tapas.labri.fr/trac
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Objec7ves	
  and	
  challenges	
  	
  
2013	
  -­‐-­‐>	
  2017	
  

•  Constat	
  
–  We	
  have	
  formed	
  brillant	
  researchers	
  in	
  and	
  out	
  of	
  the	
  LSV	
  

–  We	
  inspired	
  frui�ul	
  research	
  in	
  France	
  and	
  outside	
  (Oxford,	
  Bruxelles,	
  Vienne,	
  Chennaï,	
  Madrid).	
  

•  Objec+ves	
  
–  Strengthen	
  our	
  leadership	
  role	
  in	
  WSTS	
  +	
  CM	
  

–  Recruit	
  a	
  colleague	
  on	
  verifica7on	
  algorithmics	
  

–  Recruit	
  PhD	
  students	
  

•  Challenges	
  
–  Classify	
  WSTS	
  

–  Complete	
  the	
  theory	
  of	
  complete	
  WSTS	
  

–  Move	
  towards	
  algorithmics	
  (WSTS	
  +	
  CM)	
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The	
  end	
  

Ques7ons…	
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